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CURRENT TEACHING PRACTICES IN SCIENCE AND
MATHEMATICS IN INDIANA ELEMENTARY SCHOOLS

Abstract

In December of 1986 and January of 1987, questionnaires on
teaching practices in science and mathematics were sent to
elementary school principals across the State of Indiana. The
first questionnaire, completed by 301 administrators, concerned
manipulative use in science and mathematics. The second
questionnaire, completed by 317 administrators, contained
questions dealing with problem-solving instruction and computer
usage in science and mathematics. Results of the study include
findings that: (a) manipulatives were used to teach science more
frequently in grades 3-5 than in grades K-2, (b) manipulatives
were used to teach mathematics more frequently in grades K-2 than
in grades 3-5, (c) problem-solving was given greater emphasis in
grades 3-5 than in grades K-2 in science and mathematics, (d)
computers were used for science anl mathematics instruction more
in grades 3-5 than in grades K-2, and (e) drill and practice was
the most common application of the computer to science and

mathematics instruction. Copies of the questionnaires are

included in the report.
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Introduction

Early in 1986, Harold Harty and Peter Kloosterman from Indiana University
were completing a study on an expected shortage of mathematics and science
teachers at the secondary level in Indiana. Surprisingly, that study
indicated no major ghortage of high school teachers in those fields
(Kloosterman & Harty, 1986). Based on that finding, it was decided that
improvement in mathematics and science training in Indiana might be needed
more at the elementary rather than the secondary level. Data on mathematics
and science instruction at the elementary level were, however, incomplete.
Harty and Kloosterman spoke with Don Small, executive director of the Indiana
Association of Elementary and Middle School Principals, and with Jerry
Colglazier of the Indiana Department of Education about the possibility of
collecting data on mathematics and science instruction at the elementary level
throughout Indiana. Based on those discussions, Harty, Kloosterman, and Small
submitted a research proposal to the Indiana Department of Education on March
12, 1986. The proposal and budget were approved by the Department of
Education but unavoidable delays made it impossible to collect data in May of
1986 as was the original plan. The timeline for the project was rewritten in
a revised proposal so that data were collected in the fall and winter of 1986.
Financial resources, while remaining at the same funding level as the original
proposal, were reallocated in the revised proposal to allow hiring of a
graduate student (Juck Matkin) to aid in the data collection and analyses.

Funding on the project was set to expire in May of 1987 but teaching schedules




and other commitments forced extension of the funding expiration date to June

15, 1987. This final report was written in June, July, and early August of

1987.
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Background Information

fanipulatives

The use of manipulatives in the teaching of elementary school has been
advocated for a number of years. Fennema (1972) stated that concrete models,
when used appropriately, makz meaningful learning of ideas more likely,

Suydam and Higgins (1977) reviewed studies involving manipulative use in
mathematics and concluded that using manipulative materials over a period of
time is likely to improve student achievement in mathematics. Parham (1983)
used meta-analytic techniques on data from 64 studies to again conclude that
manipulative instruction in was superior to non-manipulative instruction in
most instances. Post (1980) noted that tex*tbooks, by their two-dimersional
ns.ture, cannot provide the concrete experiences students need to gain initial
understanding of concepts. Herbert (1685) spoke of the motivational
advantages of using manipulatives to teach mathematics. The introduction of
calculators ard computers into our society, has, if anything, increased the
importance of using concrete manipulatives in the teaching of mathematics
(Impact of Computing, 1985).

While the research studies and summaries cited above indicate that use of
manipulatives generally results in increased achievement as compared to
non-manipulative instruction, it is also clear that when manipulatives are not
appropriately related to abstract ideas, *heir use may be of little value
(Fennema, 1972; Heddens, 1986; Post 1980; Suydam & Higgins, 1977). Larson and
Slaughter (1984) looked at teacher use of manipulatives in nine classrooms and
found that teachers often failed to relate concrete models to mathematical

equations and algorithms. Students in those classes were having a hard time



making associations between concrete, pictoral, and symboiic representations
of mathematical concepts. The issue of whether grade level should be a factor
in using manipulatives is also important. Manipulatives appear to be used
more often in primary as opposed to intermediate grades under the assumption
that younger children need more hands-on experiences (Leeb-Lundberg, 1985;
Suydam, 1984). Herbert (1985), however, speaks of the benefits of using
manipulatives with middle school students.

Despite the importance of manipulatives in teaching, data concerning
manipulative use in elementary school classrooms are incomplete and out of
date. Reporting on surveys from the mid-1970s, Fey (1979) noted that of the
K~6 teachers studied, nearly half reported thut their students used
manipulatives less than once a weszk if at all. Clearly, some teachers, such

as those using the manipulative~oriented Mathematics Their Way text

(Baratta-Lorton, 1976) use manipulatives frequently and effectively in the
teaching of mathematics. Many other teachers, however, appear to use
manipulatives little if at all. The current study was designed to assess the
extent of manipulative use across a large sample of schools. Ceneral
questions addressed by the study included the extent to which teachers had
manipulatives available to them, how often teachers used manipulatives,
whether manipulatives were used more frequently in the primary or the
intermediate grades, and whether manipulatives were used more for building
computational skills or for promoting understanding of broad concerpts.

Problem Solving

The teaching of problem solving has been noted, in recent years, as the

key to good instruction. The Agenda for Action published by the National
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Council of Teachers of Mathematics in 1980 began with the recommendation that
"problem solving should be the focus of school mathematics in the 1980s"
(pe1). As we move toward the close of the 19808, that recommendation is a
goal which has yet to be accomplished. We are, however, much closer to
achieving the goal than was the case several years ago. Virtually all
mathematics textbooks being sold for use in elementary and secondary schools
claim to teach problem solving. A variety of supplemental materials such as

the Problem-Solving Experiences in Mathematics series (Charles & Lester, 1985)

and the Problem~Solving Sourcebook series (Nibbelink & Shepardson, 1985) are

available to aid in the teaching of problem solving in elementary and middle
schools. Knowledge about evaluating student progress in problem solviug is
becoming much more plentiful as evidenced by the recent publication of How to

Evaluate Progress in Problem Solving (Charles, Lester, & O'Daffer, 1987).

Unfortunately, not all problem-solving materials in texts are as well
written as they could be., In addition, even good problem~-solving materials do
not necessarily insure problem-solving instruction. Commitment of teachers
and principals to making problem solving the focus of school instruction is
egsential if problem solving is to become an integral part of the curriculum.
This is particularly true in the elementary school where many individuals
still seem to see mathematics instruction as Stake and Easley (1978) found it
ten years ago, primarily devoted to helping childrer learn to compute, The
third mathematics assessment of the National Assessment of Educational
Progress found little change in the mathematics proficiency of nine-year-old
children between 1973 and 1982 (Carpenter, Matthews, Lindquist, and Silver,

1984). Some improvement took place for thirteen-year-old students during that
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period but the improvement was on computational items. Problem-solving

performance was poor and relatively stable for both age groups studied
throughout that period (Carpenter et ai., 1984)., It is hoped that data from
the fourth nationel assessment will be more positive but the overall picture
is clear, elementary school students are not consistently being taught to be
good problem solvers.

While acceptance of problem solving as the primary goal of school
instruction seems to be gaining in popularity at a modest pace, the need for
the goal is as strong as ever. Some degree of computational gkill is
important for children, yet computers and calculators have made the need for
students to be fast and accurate at computations obsolete (Impact of
Computing, 1985; Williams, 1987). As deciding which concepts must be applied
to solve a problem is a thet task computers and calculators cannot perform,
developing the problem-solving skills of elementary school students is the
obvious goal to replace excessive proficiency at computation (Osborne &
Kasten, 1980).

Trhe purpose of the study reported here was to determine the extent to
which problem-solving and critical-thinking skills were becoming an integral
part of the curriculum of elementary schools. As has been noted,
problem-solving skill should be the first and foremost goal of mathematics
instruction at all grade levels, yet in many instances the myth that
problem~solving instruction can come only after computational skills are
developed still prevails. Particular attention was given to the issue of

vhether or not problem solving was taught more frequently in the upper as

opposed to lower elementary grades.




Computers

Computers are rapidly becoming a part of elementary school education
throughout much of the United St-tes. Becker (1986) reported that the
majority of U.S. elementary schools had five or more computers. The extent to
which computers are actually used in elementary schools varies as evidenced by
a survey of elementary school teachers in Fort Worth that indicated 79% never
used computers (Seidman, 1986). In a South Carolina study, Dickey and
Kherlopian (1987) found 70% of the elementary mathematics and science teachers
they surveyed had access to computers but only 43% actually used them.
Kloosterman, Ault, and Harty (1987) noted a variety of computer uses in
elementary schools where substantial effort had been put into using computers.
While computers can be used in many ways to teach almost any subject, a
majority of teachers in elementary schools feel the best use of computers is
for computer assisted instruction (Be: ker, 1986). Indeed, computer assisted
instruction means using the computer to teach academic content to students and
thus couputer assisted instruction should be the focus of inquiry when
computer utilization to teach elementary school mathematics is being studied.

Computer assisted instruction (CAI) has been divided into various
clasgifications by different authors. The predominant use of CAI has been
drill and practice (Elron, 1983; Long, 1985). Ninety-four percent of the
elementary teachers surveyed by Dickey and Kherlopian (1987) who used software
indicated they used drill and practice with their students. Despite an
introduction to programming and other types of software, elementary teachers
in an inservice computer course chose to complete drill and practice rather

than other types of projects for teaching mathematics to students (Ponte,
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Norman, Davis, Eshun & Jensen, 1986).

While drill and practice is the mos? common type of software used in
teaching elementary school mathematics and science, tutorial, simulation and
problem solving software are al.o used (Glass, 1984; Hatfield, 1984; Heck,
Johnson & Kansky .981). Fifty-six percent of the computer~using elementary
teachers in the Dickey and Kherlopian (1987) study used tutorials, 19% used
simulations, and 38% used software designed to promote problem solving. Eiser
(1986) has noted that what is called problem~solving software can involve a
variety of skills but many of these are skills such as finding geometric or
numeric patterns and breaking a task into manageable parts are important goals
of elementary mathematics instruction which are seldom met (Carpenter,
Matthews, Lindquist, & Silver, 1984). 1In general, simulation and provlem
solving software force students into much more complex thought than is
necessary for drill and practice programs (Elron, 1983; Fuller, 1986; Norton,
1985).

As has been discussed, the potential and actual uses of computers for
mathematics and science instruction are varied. Effective use of computers in
elementary school instruction has, however, been continually recommended. The

Agenda for Action, published by the National Council of Teachers of

Mathematics (NCTM) in 1980, recommended that matheratics programs take full
advuntage of the power of computerr at all grade levels. That recommendation
was affirmed at a 1384 WCTM conference on using computers in mathematics
instruction (Impact ot Computing, 1985). NCTM published its 1984 yearbook
(Hansen, 1984) on computers to promote their use. A conference sponsored by

NCTM and the U.S. Department of Educetion proposed a task force to help make
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computer courseware compatible with curriculum guidelines for teaching
mathematics (Romberg, 1984). Since 1985, elementary school mathematics texis
have included computer activities (Westly, 1985). In short, the issue of
computer use in elementary school instruction is not one of "if" but rather
one of "when" and "how". While any survey of computer use is out of date
almost as soon as it is published, the survey reported here is an attempt to
determine. as of iate 1986, the extent and type of computer use for the

teaching of mathematics and science in Indiana elementary schools.
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10
Method
To determine the extent to which manipulative materials, problem
solving/critical thinking, and computers are impacting elementary school
mathematics and science instruction in Indiana, two questionnaires were
designed, validated and then mailed +o elementary school principals througiout
the state. Details on the sample and data collection procedures will be
presented after explanation of the instruments.
Instruments
Questions concerning manipulatives, problem solving, computers, and

inservice needs were written and arranged into two sets, one for each of the
two questionnaires. Two questionnaires were used to keep the time necessary
to complete the instruments to a minimum. Questions on the first instrument
centered around the use of manipulative materials in elementary school
classrooms. Questions on the second instrument centered around the issues of
problem solving/critical thinking, computers, and inservice needs. Each
question had a mu .tiple response format for which the respondent had only to
choose the best response. For each question, the respondent was to provide
four separate answers, one for each of the subcategories of: (a) mathematics
in grades K through 2, (b) mathematics in grades 3 through 5, (c) science in
grades K through 2, and (d) science in grades 3 through 5. Responses were to
be generalizations or averages for all teachers in 2 school. A space for
comments was added to the end of each questionnaire. Copies of both
instruments and cover letters accompanying those instruments are included in
Appendix A (Indiana Statewide Elementary School Math and Science Needs

Assessment Inventories).

15



11

Content Validation. Both questionnaires were presented to a validation

panel for reaction concerning the importance of the questions and the ability
of elementary school principals to adequately respond to the questions.
Members of the panel who reacted to the questions included college professors
and graduate students in mathematics, science, and elementary education;
elementary school principals, and elementary school teachers. In general,
most of these individuals were vecry positive about the items as written
although minor modifications to the questions were made based on suggestions
from this group.

In addition to suggestions for revision, the content validation panel was
asked to rate, on a five choice Likert-type scale, the items on the
questionnaires. Validation scale rating categories were: (a)
representativeness of the items from the total pool or universe of items
dealing with use of manipulatives, (b) degree of congruence betweer. the
substance of the items and the underlying construct, (c¢) degree of clarity of
the items for elementary school principals, (d) potential for the findings to
impact teacher training and curriculum developument, and (e) degree of overall
usefulness of knowledge production from the study. A Scott's coefficient of
interrater agreement (Scott, 1955) was calculated across the five validation
dimensions. The coefficient computed for the mathematics items was 0.73. The
coefficient computed for the science items was 0.86. These coefficients
indicate respectable construct validation for the instruments.

Test-Retest Reliability. Test-retest reliability is the degree to which

individuals give consistent responses to an instrument over time. High

test-retest reliability on an instrument is an indication that the instrument

16



is measuring well formulated knowledge or opinions rather than momenw..ry
thoughts. Test-retest reliability was computed for the instruments usec -
this study by having seven doctoral level graduate students with teaching or
administrative experience respond to the instruments with respect to their
most recent elementary school experiences. The students were usked to
complete the instruments again five weeks later. A test-retest reliability
coefficient was calculated at 0.67 (p<.05) for mathematics and 0.93 (p<.05)
for science using the Spearman correlation technique, These coefficients were
high enough to insure that responses to the questions were stable over time.

Instrument A: Manipulatives. Questions on the first instrument and

rationale for asking those questions were as follows.

A1. What percentage of your teachers have commercially made
"hands-on" materials/manipulatives/physical models available for
use in your school?

Examples given for mathematics were base-ten blocks, Cuisenaire rods,
attribute blocks, and pattern blocks. For science, examples were
thermometers, balances, candles, and live specimens. The five possible
responses for each subcategory (math K-2, math 3-5, science K-2 and science
3-5) were: (1) less than 10%, (2) 10% to 39%, (3) 40% to 60%, (4) 61% to 89%,
and (5) 90% to 100%.

A2. What percentage of your teachers have teacher-made or
teacher-collected "hands-on" materials/manipulative/physical
models available for use in your school?

Examples given for mathematics were counting sticks, bead sticks, blocks,

puttons, and cardboard shapes., For science, examples were leaf collections,

17




13
tin cans, insect collections, jars, rock collections, rope, and paper bazs.
Response options for question A2 were the same as those for question A1.

The rationale for including questions A1 and A2 in the survey was that no
large scale data sets are available which document the extent to which
hands~on materials can be foind in elementary school classrooms. It is
entirely possible that lack of material use may result in part from lack of
materials. Hands~-on and teacher-made materials were distinguished in
questions one and two on the assumption that teacher-made materials would be
less expensive and therefore more readily available in most schools.

A3. About how many days per school year do pupils use "hands~on"

materials/manipulatives/physical models (commercial or

teacher-made )?
Response categories for item A3 were: (1) less than 10, (2) 10 to 21, (3) 22
to 41, (4) 42 to 89, and (5) 90 or more. As this question was quite
straightforward, no illustrative examples were given.

A4. When "hands-on" materials/manipulatives/physical models

(commercial or teacher-made) are used in the classroom, to what

extent are they used to help pupils "learn the rules" for

computation, measuring, estimating, etc. rsther than understand

hcw or why these rtles work?
Response categories were: (0) unable to answer, (1) not used at all, (2)
rarely, once in a great while, (3) sometimes but not often, (4) often but not
always, (5) most if not all of the time. Mathematics exampies given for
question A4 were that manipulatives could be used to increase speed for

computations, memorize basic facts, or learn definitions. Science examples
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for question A4 were to use manipulatives to learn the rules for graphking,
operationally def/ning, variable identification, or classification.

A5. When "hands-on" materials/manipulatives/physical models

(commercial or teacher-made) are used in the classroom, to what

extent are they used to get pupils to understand broad concepts

or to solve problems which require substantial creative

thinking?
Response options for question A5 were the same as those for question A4.
Mathematics examples provided were that manipulatives could be used to
understand computational procedures, understand multi-step story problems,
apply computations to real life problems, understand pattern questions, or to
solve logic problems, Science examples were materials used for explaining
inductive and deductive approaches, setting up controlled experiments, and
doing science fair projects.

The rationale for including questions A4 and A5 was that manipulative
materials may not aid learning in classrooms where they are used in ways other
than those specified by materials developers. Mathematical materials are
usually intended to help children understand broad mathematical concepte such
as place value although they can be used to foster simple skills such as
counting. In science, students need to learn how to use materials such as
thermometers and balances befo.e they are able to use the materials for more
complex tasks such as setting up controlled experiments.

A6. How much did (will) your school look for texts that use

"hands-on" materials/manipulatives/physical models in your most

recent (current) textbook selection?
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Response options for question A6 were: (0) unable to answer, (1) was not a
factor, (2) considered occasicnally, (3) considered often, (4) considered
extensively, and (5) was the main factor.

Question A6 was included as mathematics textbooks had been adopted
statewide six months before this survey was sent out and science textbooks
were being considered for adoption the year the survey was sent. Text
decisions in the elementary school are very important because of the exnense
involved as well as the fact the text selection does not take place again for
7 years. Thus school personnel that felt manipulative materials were
important factors in text selection probably had more of a commitment to the
use of such materials than did those who did not feel manipulative materials
were an important factor in text selection.

A7. On the average, how many minutes per week are devoted to the

"hands-on" teaching of science and mathematics in each

classroom?
Resporse options for question A7 were: (1) none, (2) 1 to 59 minutes, (3) 60
to 119 minutes, (4) 120 to 240 minutes, and (5) more than 240 minutes.

A8. On the average, how many minutes per week are devoted to the

"non-hands-on" teaching of science and mathematics in each

classroom?

Included in the questionnaire was a note that "non-hands-on" teaching was to

include all teaching except hands-on. Response options for question A8 were

the same as those for question A7.
Questions A7 and A8 were included in the questionnaire to determine the

extent to which mathematics and science are taught in Indiana elementary
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schools and to get a general picture of the amount the amount of class time
devoted to manipulative as opposed to non-manipulative activities.

Instrument B: Problem Solving, Computer Use, and Inservice Needs. The

questions included as part of the second questionnaire focused on problem
solving/critical thinking skills, computer use, and inservice opportunities
for teachers., The questions and rationales for asking those questions are as
follows.
B1. To what extent is your curriculum geared toward problem solving

and understanding of broad concepts as opposed to "following the

rules" to complete a computation or get an answer to a science

question? An emphasis on problem solving and the Jnderstanding

of broad concepts exists:

Response options were: (0) unable to answer, (1) practically never, (2) once
in a great while, (3) sometimes, (4) fairly often, and (5) very often. To aid
in understanding the question, examples were included from mathematics and
science. The mathematics examples of problem solving and broad concepts were
understanding of place value and multi-step story problems, applying math to
real life problems, and solving logic problems. The science examples were
understanding concepts such as cell, wind, autumn, and sound.

B2. Approximately how many minutes per week do students spend on

activities designed to foster "higher level" thinking skills?

Response options were: (0) unable to answer, (1) none, (2) 1 to 59 minutes,
(3) 60 to 119 minutes, (4) 120 to 240 minutes, and (5) more than 240 minutes.

Examples of higher level thinking skills given for mathematics were applying

21
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math concepts to new situations, solving pattern prcblems, and understanding
of fractional parts. Examples given for science were applying science
concepts to new situations, learning about inductive and deductive approaches,
and creating controlled experiments.

Questions B1 and B2 were included in the questionnaire to obtain general
information about the extent to which problem solving and critical thinking
are taught in elementary schools. Question B1 dealt with the goals of the
school curriculum while question B2 was intended to provide a picture of the
extent to which teachers worked to achieve the goal of increasing critical
thinking skills on the part of students.

B3. How often do teachers bring in activities beyond those found in

the textbook that promote problem solving and the development of
"higher order" thinking skills?
Response options for question B3 were: (0) unable to answer, (1) almost never,
(2) one to three times per month, (3) four to six times per month, (4) seven
to nine times per month, and (5) ten or more times per month.
B4. How much of a factor were (are) the teaching of problem solving
and promoting the development of thinking skills in your rost
recent (current) textbook selection?
Response options for question B4 were: (0) unable to answer, (1) were not
factors, (2) considered occasionally, (3) considered often, (4) considered
extensively, and (5) were the main factors.

Questions B3 and B4 were included as proxies for teacher and school

commitment to the goals of developing problem solving and critical thinking

skills in the elementary school. Teachers who provide supplemental problem
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solving activities, as suggested in question B3, have shown commitment to

developing higher order thinking skills. Schools and teachers that have

looked for texts that promote problem golving and critical thinking, as
assessed in question B4, have shown commitment to teaching these s .ills and
thus these questions were deemed appropriate.

The next questions on Instrument B dealt with the issue of computer use
for instruction in mathematics and science. Computer use was divided into the
four categorles of (a) drill and practice, (b) tutorial, (c) simulation, and
(d) problem solving/critical thinking. The format of this question varies
from that of other questions as the responcent was asked to specify the amount
of computer use in each of the four categories. To make explanation of the
results of the computer question easier, it will be treated as four separate
questions, numbers B5 to BS,

B5. How many minutes per week will an average pupil use the computer
(alone or in a small group) to practice previously learned
material?

B6. How many minutes per week will an average pupil use the computer
(alone or in a small group) to learn new inzormation or subject
matter?

B7. How many minutes per week will an average pupil use the computer
(alone or in a small group) to learn by way of a computer
simulation?

B8. How many minutes per week will an average pupil use the computer
(alone or in a small group) to attempt to develop

problem-solving and/or higher-order thinking skills?
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Resparse options were: (1) not at all, (2) 1 to 30 minutes, (3) 31 to 60
minutes, (4) 61 to 120 minutes, and (5) more than 120 minutes. For category 3
(simulations) clarifying examples were included. The mathematics examples
were "operate" a lemonade stand and "run" a store. The science examples were
flow of a drop of blood in the human body, life cycle of a frog, and
reproduction of a ozll.

The final question on Instrument B aimed at administrative commitment to
teaching problem solving/critical thinking and to the use of computers by
asking about availability of teacher inservice on these issues. To make
explanation of the results of this question easier, it has been treated as two
separate questions, numbers B9 and B10.

B9. Inservice training/preparation is available to teachers on

hands~-on manipulatives and/or problem solving:
B10. Inservice training/preparation is available to teachers on
computer assisted or managed instruction:
Response options questions B9 and B10 were (1) less than once every two years,
{2) once every two years, (3) once a year, (4) once a semester, and (5) two or
more times per semester.
Sample

Elementary school principals were chosen to respond to the questionnaires
as it was expected they would be the individuals with the best overall picture
of instructional practice within a given elementary school. As this study was
done in cooperation with the elementary and middle school principals’
association of Indiana, members of the association constituted the main body

of the sample. Approximately 65% of the public elementary principals in the
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state are members of the association. Many of the private elementary school
principals in the state are alsc members of the association although private
schools teach less than 10% of Indiana's students in grades K-12. The
membership list of the principals association was divided into two groups with
all odd numbered members receiving instrument A and all even numbered members
receiving instrume.t B. Members of the association who were not active
clementary school principals (e.g. curriculum supervisors, middle school
principals) were not included in the sample. In addition to members of the
association, each form of the questionnaire wes sent to 50 randomly selected
public elementary school principals in the state who were not members of the
association. Using this sampling methodology, instrument A (hands-on
manipulatives) was sent to 421 principals and instrument B (problem solving,
computers, and inservice) was sent to 414 principals,

Procedure

Questionnaires and postage paid return er.velopec were mailed late in the
fall of 1986. Accompanying each questionnaire was a cover letter signed by
the State Superintendent of Public Instruction along with the principal
investigators of the study (Appendix A: Indiana Statewide Elementary School
Math and Science Needs Assessment Inventories). Instructions for completing
the instrument were included in the cover letter and on the instrument itself.
Included in the instructions was assurance of confidentiality of results. A
second mailing of the instrument to those who had not returned it took place
in January, 1987.

Instructions in the cover letter included a return cate and examples of

manipulatives (Instrument A) or problem solving (Instrument B). The




instructions for Instrument A included a statement noting that questions

concerning the use of hands-on manipulatives should be answered with respect
to student use of the materials. A teacher who used manipulatives to
demonstrate but did not sllow the students to use the manipulatives themselves
was, for the purposes of the survey, not to pe considered using manipulatives
in her/his classroom. Detail on the definition of problem solving/critical
thinking skills was provided in the instructions for Instrument B.

In addition to definitions of manipulatives or problem solving, cover
letters for the instruments noted that responses to the items should be
indicative of the average or typical teacher in the school. It was suggested
that the principal pole his or her teachers or ask teachers for help in
completing the questionnaire to provide an accurate picture of practice in the
school.

Data from the questionnaires were tabulated by computer. Frequencies,
means, and standard deviations were calculated for each part of each question.
T-tests were used to determine significant differences in responses between
questions. A probability level of p<.01 was used to determine statistical

significance for the study.
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Results and Spec‘fic Conclusions

After two mailings, 301 (71%) of the manipulatives questionnaires
(Instrument A) were returned. Eighty-one percent of these were completed by
principals alone, 2% were completed by teachers and principals together, 6%
were completed by one or more teachers without input from the principal, and
11% were completed by some other individual or group. A one-way anslysis of
variance performed by respondent group for each question revealed a
statistically significant difference (p>.05) on only the K-2 level response on
one of the eight questions and thus responses for the groups were pooled. In
addition, a t-test indicated there was no statistically significant difference
(p>.05) between responses of members and non-members of the principals'
association and thus responses of these groups were also pooled.

Return rate for the problem solving/computer use questionnaire
(Instrument B) was very similar to that of the manipulutives questionnaire.
Three hundred and seventeen (76%) of the questionnaires were returned.
Seventy-six percent of these were completed by principals alone, 5% were
completed by teachers and principals together, 10% were ccmplated by one or
more teachers without input from the principal, and 9% were completed by some
other individual or group. There were statistically significant differences
between responses of principals and non-principals at one grade level for two
questions. There were no statistically significant differences between
members and non-members of the principals' association. Thus, responses were

pooled across groups for each question on Instrument B.
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Results: Manipulatives - Mathematics

Table 1 shows the percentage of the respondents selecting each choice for
each of the eight questions for grades K-2 an. 3-5. Several statistics in the
table are worthy of special note. Questions " ard 2 dealt with the
availability of manipulatives in the classroom. In grades K-2, 40% of the
respondents indicated almost all teachers had comrercially-made manipulatives
available to them (question 1) and 42% indicated almost all teachers had
teacher-made manipulatives available to them (question 2). Very few
respondents (3% on question 1 and 7% on question 2) indicated no teachers had
manipulatives available to them. Fifty-eight percent of teachers in grades
K-2 use manipulatives 42 or more days per year while only 33% of teachers in
grade 3-5 use manipulatives this often (question 3). The high percentages on
response options 3 and 4 for questions 4 and 5 indicate that manipulatives are
used both to help students learn computational skilis and to understand broad
concepts. Frequent middle range responses to question 6 indicate that
manipulative use was of moderate concern ii the selection of mathematics
textbooks. Responses to questions 7 and 8 indicate that almost all teachers
use some combination of hands-on and non-hands-on instruction as orly 2 to 3
percent of the respondents gelected choice 1 (none) for these items.

Table 2 glves means, standard deviations and I-test results tor
statistically significant differences between responses for grades K-2 and
3-5. Note tha¢ responses of "0O" (unable to answer) were not included in the
statistics for questions 3 through 6 of Table 2 and thus the sample gize for
these items is somewhat smaller than for items 1 and 2. All comparisons shown

in Table 2 were statistically significant at the p<.01 level,
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Table 1

Response Percentages for Each Question for Grades K-2 and Grades 3-5 (N=301)

Grades K-2 Grades 3-5
Question
0O 1 2 3 4 5 o 1 2 3 4 5
1. Teachers having 7 21 15 17 40 17 24 17 16 26
commercially~available
manipulatives®
2. Teachers having teacher- 3 12 20 23 42 9 22 27 19 23
made manipulatives®
3. Days per year pupils use 5 11 26 29 29 8 25 34 23 10
manipulatives
4. Use of manipulatives to 4 1 9 31 44 1 4 1 14 42 34 5
"learn tne rules"c
5. Use of manipulatives to 3 3 16 31 37 10 2 1 19 42 28 8
understand concepts®
6. Extent to which 6 5 22 29 3 8 5 T 2 32 28 6
manipulatives were
conegidered in textbook
selectiond
7. Time per week spent on 2 44 371 15 2 3 66 22 8 1
"hand=~on" teaching®
8. Time per week spent cn 2 17 31 44 6 2 10 19 56 13
"non-hands-on"teaching®
81 = less than 10% 2 = 10% to 39% 3 = 40% to 60%
4 = 61% to 89% 5 =« 90% to 100%
b1 = less than 10 2 =10 to 21 3 =22 to 41
4 = 42 to 89 5 = 90 or more
€1 = not used at all 2 = once in a great while 3 = not often
4 = often, not always 5 = most or all of the time
d1 = was not a factor 2 = considered occasionally 3 = considered often
4 = considered extensively 5 = was the main factor
€1 = none 2 = 1-59 minutes 3 = 60-119 minutes
4 = 120-240 minutes 5 = more than 240 minutes
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Table 2

Means, Standard Deviations, and t-Test Resuits Comparing Manipulative Use in
Grades K-2 to Grades 3-5

Grades K-2 Grades 3-5
Question
¥ o s B sD t
1. Teachers having 2¢ 3.62 1.37 3.11 1.47 9.01%%
commercially-available
manipulatives® ’
2. Teachers having teacher- 290 3.90 1.16 3.27 1.28 11.83%*
made manipulatives®
3. Days per year pupils use 289 3.66 1.15 3.04 1.11 11.32%%
manipulatives
4. Use of manipulatives to 277 3.58 .85 3.31 .83 6. 38%*
"learn the rules"c
5. Use of manipulatives to 283 3.37 .98 3.24 .89 3.18%
understand concepts®
6. Extent to which 274 3.15 1.03 3.05 1.03 2.80%
manipulatives were
considered in textbook
selectiond
7. Time per week spent on 287 2.6¢ .82 2.37 .74 7. 98%*
"hands-on" teaching®
8. Time per week spent on 287 3.33 .91 3.67 .88 ~8,98#%*
"non-hands-on"teaching®
81 = less than 10% 2 = 10% to 39% 3 = 40% to 60%
4 = 61% to 89% 5 = 90% to 100%
P91 = less than 10 2 =10 to 21 3 =22 to 41
4 = 42 to 89 5 = 90 or more
€1 = not used at all 2 = once in a great while 3 = not often
4 = often, not always 5 = most or all of the time
d1 = was not a factor 2 = considered occasionally 3 = considered often
4 = considered extensively 5 = was the main factor
€1 = none 2 = 1-59 minutes 3 = 60-119 minutes
4 = 120-240 minutes 5 = more than 240 minutes

*p<.01; *¥p<,001
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As can be seen in Table 2, teachers in grades K-2 had
commercially-available and teacher-made menipulatives available for use more
often than teachers in grades 3-5 (questions 1 and 2). K-2 teachers also used
the materials available to them more days during the school year than did
teachers in grades 3-5 (question 3). Manipulatives were used to learn rules
more in grades K-2 than in grades 3-5 (question 4). They were also used to
develop bronad concepts more in grades K-2 than in grades 3-5 (question 5).
Manipulatives were more important factors in textbook selection in grades K-2
than in grades 3-5 (question 6). More class time was spent with hands-on
teaching in grades K-2 than in grades 3-5 (question 7) &nd more time was spent
with non-hands-on teaching in grades 3-5 than in grades K-2 (question 8).

In addition to differences between grades K-2 and 3-5, I-tests comparing
responses across several of the items were of interest. Table 3 reports those
results. The firat comparisons reported in Table 3 were to determine whether
teacher-made manipulatives were more readily available than more expensive
commercially-available manipulatives. As can be seen from the first
comparison reported in Table 3, teacher-made manipulatives were available
significantly more often than commercially-available manipulatives in grades
K-2. This comparison was not, however, statistically significant for grades
3-5 (comparison 2). Comparisons 3 and 4 in Table 3 indicate that
manipulatives were used more frequently for learning rules and computations
than for understanding broad concepts in both grades K-2 and 3-5. This
comparison was statistically significant, however, only in grades K-2. The
last two comparisons reported in Table 3 indicate that more time is spent

teaching mathematics chrough non-hands-on rather than hands-on techniques.

31



Table 3

27

Means, Standard Deviations, and t-Tests Comparing Aspects of Manipulative Use

Question A Question B
Questions Being Compared
¥ M s M st

1. Question 1 vs. Question 2, 295 3.62 1.38 3.91 1.16 =4, 53%%
grades K-2

2. Question 1 vs. Question 2, 294 3.11  1.47 3.26 1.28 -2.02
grades 3-5

3. Question 4 vs. Question 5, 279 3.56 0.85 3.37 0.97 3.08%
grades K-2

4. Question 4 vs. Question 5, 281 3.30 0.83 3.25 0.88 1.27
grades 3-5

5. Question 7 vs. Question 8, 292 2.70 0.82 3.33 0.91 =8, 57%%
grades K-2

6. Question 7 vs. Question 8, 291 2.37 0.73 3.68 0.89 =18.55#%
grades 3-5

*p<.01; *¥p<.001
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These comparisons were statistically significant for both grade level
categories surveyed although the difference in the means of the two groups was
considerably greater for grades 3-5,

Discussion: Manipulatives - Mathematics

Availability of mathematical manipulatives for teachers was the first
major question addressed in this study. Eighty-five percent of the
respcndents indicated that at least 40% of the K-2 teachers in their schools
had teacher-made manipulatives available to them (Question 1, Table 1). The
corresponding statistic for grades 3-5 was 79% (Question 1, Table 1).
Commercially-available manipulatives were provided significantly less often in
grades K-2 but about the same amount in grades 3-5 (Comparisons 1 and 2, Table
3). Comments provided on some of the questionnaires indicated more concern
about materials availability than was apparent from responses to specific
questions. For example, one respondent noted "Hands-on materials (commercial)
are beyond the budget of our elementary schools" and another said "Several
teachers have indicated that they would love to use more manipulatives and
models if the funding were available for the purchase of them or the materials
to make them". In short, the data reported in Table 1 indicate that a
majority of teachers have some sort of manipulatives available to them. Many
of the written comments, however, were in agreement with a finding reported by
Fey (1979) that the most serious problem in teaching mathematics mentioned by
elementary school teechers was insufficient funds for purchasing equipment and
supplies. It is possible that this discrepancy is due to the fact that while
teachers have some materials available to them, additional quantities and

types of manipulatives would be useful.
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Results from questions 3 and 4 (Table 1) of the survey instrument
indicate that manipulatives are used both to help students learn facts and
rules and to develop broad mathematical ideas. While manipulatives are
intend~+ +2 promote understanding more than they are intended to aid
memorizacion (Driscoll, 1980), increased understanding often makes
memorization easier and thus manipulatives can be thought of as aids to
learning rules. The fact that manipulatives were used to learn rules
significantly more than to understand concepts only in grades K-2 (Table 3,
Comparisons 3 and 4) is probably attributable to the commonly held belief that
skill development should be the foremost goal of the primary grades (Fey,
1979).

On the question of manipulative (hands~on) as compared to
non-manipulative (non-hands-on) mathematics teaching, results tend to
revalidate findings reported by Fey (1979) that non-manipulative instruction
is more prevalent. Some teachers do have and use manipulatives. Fifty-eight
percent of primary grade (K-2) and 33% of intermediate " grade (3-5) teachers
were reported as using manipulatives at least 42 days per school year
(Question 3, Table 1), or more than once a week. Non-manipulative
instruction, however, is predominant. 1In grades K-2, manipulatives were used
at least 60 minutes per week 54% of the time (Question 7, Table 1) while
non-manipulative instruction took place at least 60 minutes per week 81% of
the. time (Question 7, Table 1). This difference was statistically significant
(Comparison 5, Table 3). A comment on manipulative use offered by one

respondent was that "This ig not the way we were taught to teach! . . . Money

for textbooks we have - manipulatives are 'frills' and viewed by most as
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'playtime'",

Substantiating a statement made by Suydam (1984), manipulatives are used
nuch less often in the intermediate grades than in the primary grades
(Comparison 3, Table 2), The magnitude of this difference is apparent from
responses to questions 7 and 8 shown in Table 1., Manipulative activities took
place at least 60 minutes per week in 31% of the classrooms while
non-manipulative activities took place at least 60 minutes per week in 88% of
the classrooms.

In summary, the data reported nere indicate that manipulative activities
are a part of mathematics instruction in many but certainly not all elementary
school classrooms. An izmportant unanswered question is the extent to which
manipulatives are being used to help children build conceptual models of
mathematical icdeas. Such questions cannot be determined from a large-scale
survey of this type. It is apparent from this study that non-nanipulative
mathematics instruction is still the norm in the area where data were
collected, particularly in the upper elementary grades, The extent to which
teachers and principals see a need to improve instruction through appropriate
introduction of manipulatives is unclear, although comments provid;d on some
of the questionnaires provide cause for optimism. One respondent wrote
"Teachers are . . . 'book' oriented. We need to use hands-on materials much
more than we do;" while another stated "We have adopted a math curriculum tkat

has good directions for using manipulatives".
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Results: Problem Solving - Mathematics

Table 4 shows the percentage of the respondents selecting each choice for
each of the four questions for grades K-2 and 3-5. As can be seen in Table 4,
respondents indicated moderate orientation toward problem solving in grades
K-2 as 47% of the time response option 3 (sometimes) was chosen and 25% of the
time response option 4 (fairly often) was chosen. There was somewhat more of
a problem-solving orientation in grades 3-5 as response option 3 was selected
34% of the time while response option 4 was chosen 47% of the time. The
increased importance of problem solving in the higher grades was found to be
statisticaily significant as shown by the t-test reported for question 1 in
Table 5. Note that all t-tests reported in Table 5 were statisticalliy
significant well beyond the p<.01 level chosen for this study.

The second question addressed was that of the number of minutes per week
spent on activities designed to foster higher-level thinking skills. In the
primary grades, time spent per week was reported to be 1 to 59 minutes
(response option 2) 52% of the time and 60 to 119 minutes (response option 3)
31% of the time (Table 4). For grades 3-5, more time was spent developing
higher-level thinking skills as 45% of the respondents chose 60 to 119 minutes
and an additional 20% chose 120 to 240 minutes (Table 4). The t-test for
question 2 (Table 5) indicated that significantly more time was spent
fostering higher-level skills in grades 3-5 than in grades K-2.

The third question addressed commitment to teaching problem solving by
assessing the frequency with which non-text problem-solving activities were
used in cilassrooms. The response chosen 41% of the time for grades K-2 was

one to three times per month (response option 2). Four to six times per month
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Table 4
Response Percentages for Each Question for Grades K-2 and Grades 3-5 (N=317)
Grades K-2 Grades 3-5
Question "
0 1 2 3 4 0 1 2 3 4 5
1. Curriculum geared 3 18 47 25 0 6 34 47 13
toward problem solving
and understanding of
broad concepts@
2. Weekly time spent 2 3 52 30 10 2 1 27 45 20 5
fostering "higher
level" thinking skillsb
3. Times per month 2 13 41 26 11 1 10 3 35 15 8
activities not found in
textbooks are brought
in to promote problem
solving and "higher
level" thinking skillsC
4. Importance of problem 5 3 23 36 28 4 2 15 36 36 7
solving and promoting the
development of thinking
skills in textbook
selectiond
81 = practically never 2 = once in a great while = sometimes
4 = fairly often 5 = very often
®1 = none 2 = 1 to 59 minutes = 60 to 119 minutes
4 = 120 to 240 minutes 5 = more than 240 minutes
€1 = almost never 2 =1 to 3 times/month = 4 to 6 times/month
4 =7 to 9 times/month 5 = 10 or more times/month
d1 = were not factors 2 = considered occasionally 3 = considered often
4 = considered extensively 5 = were the main factors
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Table 5

Means, Standard Deviations, and t-Test Results Comparing Problem Solving
Orientation in Grades K-2 to Grades 3~5

Grades K~2 Grades 3-5
Question
N ¥ s 8 =t
1. Curriculum geared 306 3.15 0.88 3.66 0.80 ~11,23%*
toward problem solving
and understanding of
broad concepts?
2. Weekly time spent 300 2.55 0.82 3.04 0.86 ~11 . 56%%
fostering "higher
level" thinking skillsP
3. Times per month 300 2.57 1.10 2.81 1.08 ~ 5,20%%
activities not found in
textbooks are brought
in to promote problem
solving and "higher
level" thinking skills®
4. Importance of problem 290 3.09 0.92 3.32 0.90 - 6.99%*

solving and promoting the
development of thinking
skills in textbook
selectiond

81 = practically never 2 = once in a great while 3 = sometimes
4 = fairly often 5 = very often

b1 = none 2 = 1 to 59 minutes 3 = 60 to 119 minutes
4 = 120 to 240 minutes % = more than 240 minutes

€1 = almost never 2 = 1 to 3 times/month 3 = 4 to 6 times/month
4 =7 to 9 times/month 5 = 10 or more times/month

d1 = were not factors 2 = considered occasionally 3 = considered often
4 = considered extensiv-ly 5 = were the main factors

*p<.01, **p<, 001

38




Dave
<

34

(response option 3) was selected 26% of the time and seven to nine times per
month was selected 11% of the time (Table 4). For grades 3-5, one to three
times per month was chosen 31% of the time, four to six times rer month was
chosen 35% of the time, and seven to nine times per month was chosen 14% of
the time (Table 4). As shown in Table 5, the frequency with which non-text
problem-solving activities were used was significantly greater for grades 3-5
than for grades K-2.

The final survey question dealt with the extent to which problem solving
had been a factor in textbook selection. As with the other QLe stions,
problem-solving and critical-thinking skills were issues of moderate
importance in text selection. In grades K-2, problem solving and thinking
skills were "considered occasionally" (response option 2) 23% of the tipe,
"considered often" (response option 3) 36% of the time and "considered
extensively" (response option 4) 28% of the time. 1In grades 3-5, problem
solving and thinking skills were considered occasionally 15% of the time,
considered often 36% of the time, and considered extensively 36% of the time.
The difference in importance of problem solving and critical thinking between
grades K-2 and 3-S5 was statistically significant with these skills being of
higher importance in grades 3-5 (Table 5).

Discussion: Problem Solving - Mathematics

The data presented indicate that in general, problem solving is an issue
of varying importance in elementary schools. The high response rate to the
survey make the findings resonably generalizable across the midwest and
probably other regions as well. The fact that moet responses to all of the

questions were in the middle categories (response options 2, 3 and 4, Table 4)
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implies that problem solving and critical thinking are of moderate importance
in the high majority of schools. The very small percentages of responses
marked "unable to answer" (Table 4) show that individuals completing the
survey felt they knew enough about problem solving instruction in their
schools to answer questions about it. The statistically significaant t-tests
shown in Table 5 make it clear that problem solving and criticel thinking are
viewed as being more important in the upper elementary grades (3-5) than in
the primary grades (K-2). The fact that problem solving was viewed as at
ieast somewhat importent in the primary grades may be a belief, such as that
expr ‘3sed by Bruni (1982) and Wheatley and Wheatley (1984) that problem
solving is an appropriate topic for primary-grade children. Modest acceptance
of problem solving as a focus in the primary grades could also be a reflection
that new mathematics textbooks include problem solving at all grade levels.

A limiti-.g factor in the validity of the data reported here is that tka
questionnaires were sent to and predominantly completed by elementary school
principals. However, the fact that questionnaires completed by classroom |
teachers contained responses that were not significantly different from tr.cse
of the principals is an indication that the principals did know enough about
the teachers in their schools to accurately respond to the instrument.

A final factor to consider when looking at these ressults is that they are
indicative of the "average" teacher in a school. Undoubtedly, there are
teachers who are doing an outstanding job of teaching problem solving and
critical thinking to their students. As one principal commented, "I regret

these answers! We have a few teachers of our 48 who certainly score much

higher, but the norm is indicated."
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In summary, it is safe to say that problem solving is of moderate
importance in a majority of elementary schools. In addition, problem solving
is of high importance it. a few schools and of almost no importance in a few
others., As a general rule, problem solving is of greater importance in the
upper as opposed to the lower elementary grades. Progress is being made in
improving problem-solving instruction. As one respondent stated, "1 believe
very much in the ideas mentioned. I believe teachers can be convinced
(without muc' .couble) to begin these type of activities." In short,
effective problem-solving instruction in mathematics is a goal that some

schools, but certainly not all, are beginning to meet.

Results: Computers - Mathematics

Table 6 shows the percentage of the respondents selecting each choice for
each of the four questions for grades K-2 and 3-5. As can be seen in Table 6,
66% of the respondents indicated students in grades K-2 used computers 1 to 30
minude the concrete experiences students need to gain initial understanding of
concepts., Herbert (1985) spoke of the motivational advantages of using
manipulatives to teach mathematics. The introduction of calculators and
computers into our society, has, if 1 to 30 minutes per week to practice
previously learned materials while 34% indicated students used computers for
drill and practice 31 to 60 minutes per week (Table 6). Only 11% of students
in grades K-2 and 5% of students in grudes 3-5 were reported as not using
computers at all (response option 1) for practicing previously learned
materials. Table 7 shows comparisons between computer use in grades K-2 and

3-5 for each of the Jour categories of computer use cor.sidered. As can be
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Table 6

Response Percentages for Each Question for Grades K-2 and Grades 3-5 (N=317)

Weekly time spent vsing Grades K-2 Grades 3-5
computer to:
1 2 3 4 5 1 2 3 4
1. Practize previously learned 11 66 20 2 1 5 54 34 6
material
2. Learn r_w material 3 56 8 1 0 29 5 13 2
3. Learn by computer simulation 46 47 5 1 1 26 55 14 4
4. Develop problem-solving and/or 42 50 6 2 0 21 58 15 5
"higher~level" thinking skills
Note: 1 = not at all 2 = 1 to 20 minutes 3 = 31 to 60 minutes
4 = 61 to 120 minutes 5 = more than 120 minutes
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Table 7 |

Means, Standard Deviations, and t-Test Results Comparing Computer Utilization
in Grades K-2 to Grades 3-5 (N=317)

Weekly time spent using Grades K-2 Grades 3~5
computer to:
¥ s xS t

1. Practice previously learned 2.15 .68 2.45 .73 - T.59%*
material

3. Learn by computer simulation 1.64 .70 2,00 .80 - 9.63%%

4. Develop problem-solving and/or 1.68 .69 2.07 .77 =10.43%*
"higher~level" thinking skills

Note: 1 = not at all 2 = 1 to 30 minutes 3 = 31 to 60 minutes

4 = 61 to 120 minutes 5 = more than 120 minutes

*p<.01, *¥p<.001




seen from the first comparisor in Table 7, compuicrs were used to practice

previously learned material more often in grades 3-5 than in grades K-2. Note
that all t-tests ceported in Table 7 were statistically significant well
beyond the p<.01 level chosen for this study.

The second question asked of respondents was the extent to which
computers were used to learn new material. In other words, they were asked to
indicate the extent to which tutorial programs were used to teach mathematics.
As can be seen from Table 6, 35% of students in grades K-2 did not use
mathematics tutorials while an additional 56% used them no more than 30
miruates per week. In grades 3-5, 29% of 3tudents did not nuse mothematics
tutorials and 55% used them 30 minu.es per week or less (Table 6), Whiie
students did not often use computers to learn new material in either of the
grade level categories surveyed, they used them significantly more often in
grades 3-5 than in grades K-2 (Table 7).

The third item on the questionnaire dealt with teaching mathematics by
way of a computer simulation. In grades K-2, 46% of the pupils were reported
as not using computers for simulations and and additional 47% were reported as
using computers for simulations 30 minutes per week or less (Table 6). 1In
gredes 3-5, 26% of pupils were not using simulations while 55% were using
simulations up to 30 minutes per week and 14 percent were using simulations 31
to 60 minutes per week (Table 6). Computer simulations were used to help
students learn mathematics significantly more often in grades 3-5 than in
grades K-2 (Table 7).

The final question required an estimate of the extent to which pupils

were using computers to develop problem-solving and higher~level thinking
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skills. As was the case with tutorial and simulation applications of the
computer, problem-solving applications were used infrequently. In grades K-2,
42% of students did not use a computer for problem solving while 50% used a
computer for problem solving 1 to 30 minutes per week (Table 6). In grades
35, 21% of students did not use the computer for problem solving, 58% used a
computer for problem solving 1 to 30 minutes per week, and 15% used a computer
for problem solving 31 to 60 minutes per week (Table 6). Paralleling findings
for questions 2 and 3, problem-solving applications of the computer were more
prevalent in grades 3-5 than in grades K-2 (Table 7).

Discussion: Computers - Mathematics

The high return rate on the questionnaire (76%) indicates the results
reported here are generalizable throughout and possibly beyond the State where
data were collected. 1In general, the findings of this study agree with
findings frecu other recent studies of computer usage in elementary schools.
Drill and practice was the most frequent type of computer utilization as
suggested by Elron (1983) and Long (1985). Paralleling findings of Dickey and
Kherlopian (1987), tutorial, simulation, and problem-solving software were
used in some classrooms but not used in many others. Software quality, often
thought to be a varrier to computer utilization, was rarely noted as a problem
in the comments s¢ction cof the questionnaire., This result matches that of
Becker (1986) who reported that poor quality software was not nearly the
problem that leck of equipment was in the schools he studied.

Studies comparing primary to intermediate grade use of computers were
not found in the literature review. The current finding of significantly

greater computer use at the intermediate level, however, is believable as
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students in the upper elementary grades are better readers and thus more able
to use CAI software without extensive assistance.

One factor that needs to be remembered in interpreting the findings of
this study is that the data sre indicative of the "average" pupil in a school.
As computer utilization within an elementary school commonly varies
considerably by teacher (Kloosterman et al., 1987), it is probable that some
students are using computers to learn mathematics quite frequently while
others are probably using computers infrequently if at all.

In summary, it is safe to say that computers are currently available in
most elementary schools. Rather than Just programming, they are being used to
teach and practice academic subject matter which was formerly presented
through lecture or printed material. Simulation and problem-solving software
force students into critical thinking about topics not frequently addressed
before computers were available. Computers are used for mathematics
instruction more frequently in intermediate than in primary gredes but they
are used, at least for drill and practice, in a substantial majority of
primary classrooms. In short, the goal of taking full advantage of computers

for mathematics instruction has yet to be attained but progress is being made

at a faster pace than may have originally been expected.
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Results: Manipulatives - Science

The res.its of the statewide survey ar. broken down and analyzed according
te the: (1) quantity of manipulatives, (2) use of manipulatives, (3)
implications ol manipulatives, and (4) manipulatives and textbooks. The
findings are discussed by way of mean responses, standard deviations, and
percentage of response per rating category. Also, tests of significance
between grades K-2 (lower level) and grades 3-5 (upper level) responses are

discussed.

Quantity of Manipulatives:

When considering the amount of commercial hands-on materials available
(Table 8), it was found that upper elementary school classrooms (K-2) have
significantly more (M= 3.4, SD=1.3) manipulatives than lower elementary
classrooms (M=3.1, SD=1.5). A t-value of 7.1 was found to be significant at
the 0.001 level. In grades K through 2, the distribution of responses was
fairly uniform as 42% of the respondents indicated less than 40% of their
teachers had commercially-made manipulatives available and 41% indicated more
than 60% of their teachers had commercially-made manipulatives available. In
grades 3 through 5, responses were skewed more toward teachers having
commercially-made manipulatives as 55% of the respondents indicated 60% or
more of their teachers had commercially-made manipulatives available for use.

Teacher-made manipulatives for science teaching were available somewhat
more often than commercially-produced materials (Table 8). Upper elementary
school teachers (M=3.5, SD=1.2) have significantly more (t=3.3, p<0.001)

teacher-made manipulatives than lower elementary school teachers (M=3.4,

SD=1.3). Only one-fourth of the respondents, however, reported that all of

the teachews in their schools possessed teacher-made manipulatives for the

teaching of science.
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TABLE 8

SCIENCE HANDS~ON TEACHING-LEARNING UTILIZATION

Perceptions Grades K-2 Grades 3-5 t-~

value )

Dimensions M SD M SD

Percent of Teacher Hav- 3.1 1.5 3.4 1.3 7.1 0.001
ing Commercially-
Available "Hands-On"
Manipulatives in the
Classroom

Percent of Teachers Hav- 3.4 1.3 3.5 1.2 3.3 0.001
ing Teacher-Assembled
"Hands-On" Manipnla~
tives Accessible

Days/Year Pupils Use 2.9 1.1 3.1 1.0 3.5 0.001
"Hands-On" Manipula-
tives

Application of "Hands=- 2.9 0.9 3.1 0.9 3.3 0.001
On" Experience toward
"Learning the Rules" Rath-
er than Understanding

the Concepts

Application of "Hands-On" 3.2 1.0 3.3 1.0 3.7 0.001
Experience toward Under-
standing Concepts or
Solving Problems Crea-
tively

Extent to Which "Hands-On" 3.2 1.0 3.3 1.0 3.7 0.001
Models Conaidered in Most
Recent Textbook Selection

Time/Week Spent on "Hands- 2.3 0.7 2.5 0.8 4.5 0.001
On" Teaching

Time/Week Spent on Non- 2.9 0.9 3.3 0.8 7.9 0.001
Hands-On" Teaching
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Use of Manipulatives:

The use of manipulatives during science teaching aspect of the
instrument included ques‘ions on: (1) days per year pupils use hands-on
manipulatives, (2) time per week spent on hands-on teaching, and (3) time per
week spent on non-hands-on teaching (Table 8). The number of days per school
year that pupils use hands-on materials, manipulatives, or physical models
(either commercial or teacher-made), in upper elementary classrooms (M=3.1,
SD=1.0) was significantly greater (t=3.5, p<0.001) than the number of days
that lower grade level classes used such materials (M=2.9, SD=1.1).
Approximately 30% of all elementary classrooms employed hands-on materials
for 22 to 41 days per year; only 8% of all classrooms utilized manipulatives
90 or more days. Ten percent of the classrooms at the lower grade levels and
6% at the upper level employed hands-on materials less than 10 days during a
given school year.

An additionel question on the survey addressed the issue of the average
minutes per week (Table 8) devoted to the hands-on teaching of science.
Classrooms at the upper elementary school level (M=2.5, SD=0.8) used
manipulatives significantly more (t=4.5, p<0.001) minutes per week than lower
elementary school classrooms (M=2.3, SD=0.7). Respondents indicated that
approximately 70% of the lower grade level and 60% of the upper grade level
classrooms used hands-on materials but used them less than 60 minutes per
week. Less than 2% of all elementary classrooms employ an inquiry approach
for more than 240 minutes per week.

As shown in Teble 8, the number of minutes per week that students
experienced non-manipulative science teaching was somewhat greater than the
numnber of minutes of hands-on construction. In most cases non-manipulative

instruction consisted of reading about science in a textbook series.

O
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Classrooms at the upper elementary school level (M=3.3, SD=0.8) experienced
significantly more (t=7.9, p<0.001) nou-hands-on science time than lower
level classrooms (M=2.9, SD=0.9). Approximately 40% of all elementary
classrooms engaged in non-manipulative science activities for 60 to 120
minutes per week. Respondents also indicated that 27% of the lower and 44%
of the upper elementary school classrooms experiencs more than 120 minutes
per week of non-inquiry-oriented science. Sadly enough, 3% of the lower and
2% of the upper level classrooms had no science at all. These data reflect
additional sad tones when considering less than an hour of sgcience per week
was taught in 30% of the lower and 15% of the upper elementary school

classrooms reported.

Applications of Hands-On Instruction:

Two basic areas (Table 8) where there are direct implications from the
use of manipulatives are: (1) to facilitate the understanding of concepts,
and (2) to enhance the problem solving process. With respect to the first
area, information was sought concerning the extent to which manipulatives are
used to help pupils "learn the rules" for measuring, estimating, etc. rather
than understand how or why these rules work. Specifically, during science
activities hands-on materials might be used to l=arn the rules for graphing,
operationally defining, variable identification, classification, etc.
Classrooms at the upper elementary school level (M=3.1, SD=0.9) employed
manipulatives significantly more (t=3.3, p<0.001) to learn rules than
classrooms at the lower elementary level (M=2.9, SD=0.9). Six percent (6%)
of the respondents did not feel they could respond to this dimension and 4%
said their teachers never employed hands-on materials for the purpose of
learning rules. Surprisedly, 4% of the schools utilized manipulatives only

for learning rules.
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The use of manipulatives to enhance the problem solving process (Table
8) might specifically include situations where materials are used for
explaining inductive and deductive approaches, setting up controlled
experiments, doing scaience fair projects, etc. Classrooms at the upper
elementary school level (M=3.3, SD=1.0) had experienced cignificantly more
(t=3.7, p<0.001) act.vities where manipulatives were used to promote problem
golving than classrooms at the lower grade levels (M=3.2, SD=1.0). Roughly
4% of all elementary schools were not in a position to respond to the
concern, and an additional 3% had never used manipulatives for this purpose.
On the positive side approximately 6% of all elementary classrooms employed
hands-on materials to enhance problem solving ability most, if not all, of

the time.

Manipulatives and Textbooks:

An additional dimension of the study (Table 8) focused on the amount of
influence hands-on materials, manipulatives or physical models had on
textbook sele¢ction. Classrooms at the upper elementary school level (M=3.3,
SD=1.0) possessed textbooks which were significantly influenced more (t=3.7,
p<0.001) by the incorporation of activities involving hands-on experience
than classrooms at the lower grade levels (M=3.2, SD=1.0), Some 7% of the
regpondents were unable to determine whether this was a consideration in
their text sel=ction. Also, on a negative note, an additional 4% of the
schools reported that manipulative usage was not a factor considered during
the selection process. On the brighter side approximately 9% of the schools
noted that the incorporation and promotion of manirulatives was the main

factor in selecting a textbook.

Concluslong

When taking into account all of the concerns about manipulatives or

ol
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hands-on materials considered in this study, the percent of teachers having

teacher-assembled hands-on manipulatives accessible was rated the highest for
both the lower grades (K-2) and the upper grades (3-5). About 50% to 60% of
elementary school teachers have these materials to use. Also, contrary to
popular opinion, most elementary schools report teaching science in some
capacity. Grade level differences in use of manipulatives and hands-on
materials were apparent on all study dimensions. Upper grade level teachers
used materials and taught science significantly more than lower grade level
teachers,

Comments provided on some of the returned instruments reflected more
concern about hands-on materials availability than was apparent from
responses to specific questions. For erample, one respondent noted that
comnercial hands-on materiais are beyond the budgets of elementary schools,
and another reported that several teachers have indicated that they would
like to use more manipuiatives and models if the funding were available for
the purchase of them or the materials to make them.

In addition, the data reported here indicate that manipulative
activities are being used to help pupils build conceptual models of science
ideas. A response to such concerns cannot be determined from a large-scale
survey of this type. It seems apparent from this study that non-manipulacive
science instruction is still the norm in the area where data were collected.
The extent to which teachers and principals see a need to improve instruction
through an appropriate introduction of manipulatives is unclear, although
comments provided on some of the instruments provide cause for optimism. One
respondent noted that teachers are . . . "book" oriented and need to use
hands-on materials much more than they do.

Based on the above findings and suggested inferences, the following

conclusions have been drawn:



48

e On the average about half of the teachers have hands-on manipulatives
available in their classrooms. The percentage of classrooms with
¢.mmercially available science manipulatives is a 1little higher than
the percentage of classrooms with teacher-assembled science
manipulatives. In addition, teachers in the upper elementary graces
have more science manipulativer +han lower grade level teachers.
There is also considerable variation from school to school in terms
of the findings.

e On the average, teachers use hands-on science materials about 30 days
& year; however, this figure varies considerably from school to
school.

o Hands-on science materials are used to help students both "learn the
rules" for a procedure and to understand broad concepts. The
materials are used for these purposes a little more in the upper
grades than in the lower grades.

e On the aversge, lower grade level teachers spend about 70 minutes per
week teaching science with manipulatives and 90 minutes per week
teaching science without mani~ulatives. For teachers at the upper
grade levels, these amounts are slightly higher. Anecdotal data
reflect that these figures may be too high.

Results: Problem Solving - Science

The dimensions investigated were: (1) curriculum orientation toward
problem solving and understanding broad concepts, (2) weekly amount of time
engaged in promoting higher-level thinking skills among pupils, (3) quantity of
time spent monthly engaged in non-textbook problem solving activities, and (4)
the importance of problem solving and thinking skills development in the most
recent textbook seiection. The findings and commentary have been geared toward
a comparison of the lower elementary school grades (K thru 2) and the upper
elementary school grades (3 thru 5). Percentages, mean scores, and standard

deviations also have utilized tn make descriptive quantitative comparisons,

Curriculum Orientation:

The focus of this dimension was on the extent to which the science program
is geared toward problem solving and understanding of broad concepts as opposed
to following the rules to get an answer to a science question. Activities

might lead to understanding cohension, a cell, sound, controlling variables,
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etc. The science curriculum (Table 9) at the upper elementary school level
(M=3.7, SD=0.9) was found to have a significantly greater (t=12.3, p<0.001)
amphasis on problem solving and broad concept d:velopment than the science
program at lower grade levels (M=3.0, SD=0.9). Less than one percent of the
schools revealed that they never employed these strategies (0.6% for lower
grades and 0.3% for upper grades). On a really positive note 58% of the
schools indicated that upper grade level teachers utilize these approaches
fairly often to very often. At the lower grade levels 64% of the schools noted
that teachers emphasize problem solvirg and broad concept understanding once in

a great while to sometimes.

Amount of Problem Solving:

This dimension possessed two areas of investigation. The first concern
involved an approximate number of minutes per week pupils spend on activities
designed tu .oster "higher level" thinking skills. During science activities
pupils might apply science concepts to new situations, learn about inductive
and deductive approaches, create controlled experiments, etc. Classrooms
(Table 9) at the upper elementary school grade levels (M=2.7, SD=0.9) spent
significantly more (t=12.8, p<0.001) time per week nurturing higher-level
thinking skills than their counterparts at the lower grade levels (M=2.2,
SD=0.7). At the lawer level grade levels 80% of the reporting elementary
schools revealed that 1 to 119 minutes (0 to 2 hours) were utilized in
activities which promoted higher order skills' development. At the upper
elementary school grades roughly 16% of the classrooms experienced 120 to more
than 240 minutes (2 to more than 4 hours) per week.

The second concern focused on the frequency with which teachers bring in
activites beyond those found in the textbook that promote problem solving and

the development of higher-order thinking skills. The science programs

e
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TABLE 9

SCIENCE CLASSROOM PROBLEM SOLVING APPROACHES

‘\\\\\\\ Reactions Grades K-2 Grades 3-5

Dimensions M SD M SD

t-
value P

-

Curriculum Geared 3.0 0.9 3.7 0.9 12.3 0.001
toward Problem
Solving and Under-
standing of Broad
Concepts

Weekly Time Spent to- 2.2 0.7 2.7 0.9 12.8 0.001
ward Fostering "High-
er Level" Thinking
Skills

Times per Month Activi- 2.5 1.0
ties Not Found in Text-
books Are Brought in to
Promote Problem Solving
and "Higher Level" Think-
ing Skills

N
L]
\O

1.1 7.9 0.001

Importance of Problem 2.8 0.9 3.0 0.9 7.9 0.001
Solving and Promoting '
the Development of
Thinking Skills in
Must Recent Textbook
Selection
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(Table 9) at the upper grade levels (M=2.9, SD=1.1) experienced significantly

more (t=7.9, p<0.001) nontextbook problem solving and higher order skills'
development activities than the organized scisunce curricula at the lower grade
levels (M=2.5, SD=1.0). At the lower grade levels 70% of the elementary
schools indicated that nontextbook activities were implemented one to six times
per month. At the upper elementary school grades 50% of the classrooms
experienced beyond-the-textbook approaches for promotion problem solving and

higer-order skills development four to nine times per month.

Problem Solving/Hifher-Order Thinking Priorities:

The emphasis of this cdimension focused on how much a factor the teaching
cf problem solving and promoting the development of thinking skills were in the
most recent (or current) textbook selection process. Textbook selection (Table
9) at the upper elementary grade levels (M=3.0, SD=0.9) was influenced
significantly more (t=7.9, p<0.001) by these factors than were textbooks
selected at the lower grade levels (M=2.8, SD=0.2). These factors were
considered cccasionally or often at the lower elementary school grade levels by
61% of the réportud elementary schools. At the upper grade levels 60% of the
elementary schools reported that these factors were considered often or

extensivels in the textbook selecztion prccess.

Discussion
When ccnsidering the four dimensions associated with problem solving and
high-order thinking skills development, the concern of the weekly amount of
time spent in promoting problem solving/higher-order thinking skills was rated
the lowest at both the lower grade and the upper grade levels. The aspect
rated the highest for both the lower and upper grade level was a2ssociated with
the science curriculum orientation toward problem solving and understanding of

broad concepts. Significant differences were found between the lower and upper

o6



52

grade levels on all four dimensions. The concern exhibiting the greatest
disparity between the grade levels was the weekly amount of time engaged in
promoting higher-order thinking skills among pupils. The least amount of
discrepancy between the levels was associated with the concerns of quantity of
time spent monthly engaged in non-textbook problem solving activities and the
importance of problem solving and thinking skills development in the most
recent textbook selection.

Basically, the only conclusion to be generated is that the implementation
of activities that promote problem solving ability, higher-order skil_s
development, and the understanding of broad concepts in science are goals of
moderate importance. They are somewhat more important at the upper elementary
school grade levels (3 thru 5) than they are at the lower grade levels (K thru
2).

A final critical factor to consider is that results reported here are
indicetive of the "average" teacher in an elementary school. Undoubtedly,
there are teachers who are doing an outstanding job of teaching problem solving
and critical thinking to their pupils. One principal noted that there are a
few teachers who certainly score much higher, but the norm was indicated.

In summary, it is safe to assume that problem solving is »f moderate
importance in a majority of the elementary schools. In addition, problem
solving is of high importance in a few schools and of almost no importance in a
few others. As a general rule, problem solving is of greater importance in the
upper as opposed to the lower elementary grades. Progress is being made with
regpect to enhancing problem=-solving instruction. One respondent reported that
teachers can be convinced (without much trouble) to begin these type of
activities. In short, prc ‘ess is being made toward the goal of effective

problem=-solving science instruction, but there is still room for improvemenc.



Results: Computers - Science

The dimensions examined included the number of minutes per week thet an
average pupil used the microcomputer, either alone or in & small group to: (1)
practice previously learned materials, (2) learn new information or subject
matter, (3) learn by way of a computer simulation, or (4) attempt to develop
problem solving sad/or higher-order thinking skills. These concerns will be
analyzed by way of the lower (grades K-2) and upper (grades 3-5) grade levels.
Quantitative relationships and differences will be illiustrated by way of
percentages, means, standard deviations, and t-values.

It should be noted that the respondents were given special instructions.
If local computer activities fell into more than one of the four categories,
responses were to be placed in the category or associated with the dimension
where they fit best. Any computer activity that did not appear to fit into any
category or be associated with any of the four dimensions was to be considered

as part of the category which fit that activity most closely.

Drill and Practice:

When considering drill and practice on previously learned materials (Table
10), classrooms at the upper elementary school level (M=1.8, SD=0.8) engaged in
significantly more (t=9.5, p<0.001) of this activity than classrooms at the
lower grade levels (M=1.5, SD=0.6). These data reflect that on the average,
elementary school pupils gp ad between zero *o 30 minutes per week working on
computer programs featuring science drill and practice activities. At the
lower grade levels 54% of the classrooms do not have pupils working on drill
and practice programs at all; at the upper grade levels 89% of the classrooms
are represented by a total lack of or only up to 30 minutes per week of
computer drill and practice time. A possible explanation for these results is

the lack of microcomputers in the elementary school. There are no schools
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TABLE 10

COMPUTER APPLICATIONS FOR SCIENCE TEACHING

Reactions Grades K-2 Grades 3-5
t- p
value
Minutes/Week M SD M SD
Practice Previously 1.5 0.6 1.8 0.8 9.5 0.001
Learned Material
Learn New Material 1.4 0.6 1.7 0.7 7.6 0.001
Learn by Computer 1.3 0.6 1.6 0.7 9.4 0.001
Simulation
Develop Problem 1.4 0.6 1.7 0.8 8.5 0.001
Solving and/or
"Higher Level"
Thinking Skills
Rating Scale
1 2 3 4 5
not at 1 to 30 31 to 60 61 to 120 more than
all minutes minutes minutes 120 minutes
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where pupils spend more than 120 minutes per week in computer drill and

practice exercises.

Learning New Materials:

The introduction of new science information by way of the computer (Table
10) occurred significantly more often (t=7.6, p<0.001) at the upper elementary
school rrades (M=1.7, SD=0.7) than at the lower grade levels (M=1.4, SD=0.6).
When considering all grade levels, little (up to 30 minutes) or no time per
week was spent learning new science material by way of the computer. Some 60%
of the teachers at the lower grade levels and 45% of the upper level teachers
do not use computer-driven science informational programs. Approximately 91%
of all teachers at all grade levels either do not use informational materials

or if they do, it does not exceed 30 minutes per week.

Simulation Exercises:

Many computer simulations of science processes are currently available.
Examples include the flow of blood in the human body, the food web in a lake,
life cycle of a frog, reproduction of a cell, e“c. Computer simulations of
science processes took place (Table 10) at the upper elementary school level
(M=1.6, SD=0.7) significantly more often (t=9.4, p<0.001) than they did ir
lower grade classrooms (M=1.3, SD=0.6). It should also be noted that
simulation software was used less often then drill and practice software. This
might be attributed t- the higher cost of ccmmercial simulation programs. A
second viable explanation is that simulations usually require more explanation
by the teacher 3nd thus are viewed as harder to use than drill and practice
programs. At the lower grade levels, 74% of the classrooms surveyed provided
no science aimulation programs whereas about half (53%) of he upper elementary
school classrooms provided no science computer simulations. There are no

elementary schools where pupils are involved with computer simulation software
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more than 120 minutes per week.

Problem Solving Episodes:

The development of higher-order thinking skills by way of computer-driven
problem solving programs is the focus of this dimension (Table 10). Classrooms
at the upper grade levels (M=1.7, SD=0.8) participated in a significantly
greater (t=8.5, p<0.001) amount ¢ computerized problem solving activities than
their counterparts at the lower grade levels (M=1.4, SD=0.6). These data
reveal that problem solving episodes delivered by way of microcomputers occurs
somewhere between not at all and 1 to ”) minutes per week. At the lower grade
levels 63% of the classrooms and 45% of the classrooms at tle upper grade
levels do not engage in any computerized problem solving activities. No
classrooms at either level engaged in more than 120 minutes per week of problem

golving activities delivered by way of the computer.

Additional Commentary

Although there is currently little emphasis on computer applications for
science teaching in the elementary school, there is some light at the end of
the tunnel. Much of the lack of activity can be attributed to the absence of
microcomputers in many elementary schools, especially at the lower grade
levels. Software quality, often thought to be a barrier to computer
utilization, was rarely noted as a problem in the comments section of the
instrument. This result coincides with that of Becker (1986) who reported that
poor quality software was not nearly as much of a problem as was lack of
equipment.

In terms of the four science-oriented computer applications, the
classrooms at the upper graar levels experienced significantly greater activity
in all four areas when compared to the lower grade levels. The areas of

greatest discrepancy between the levels were the use of drill and practice
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software and science simulation programs. The application which enjoyed the
most utility at both levels was drill and practice, and the application
receiving the least attention was the use of science simulations. These
findings are consistent with those of Elron (1987) who urged greater use of
simulation programs. In addition, these results are similar to those of Dickey
and Kherlopian (1987) who found that tutorial, simulation, end problem solving
software were used in some classrooms, but not used in many others.

Students use computers to learn science infrequently in the upper
elemeatary school grades and rarely in the lower grade levels. Studies
comparing lower to upper grade use of microcomputers were not found in the
literature. The current finding of significantly greater computer use at the
upper level, however, is understandable as pupils in the upper elementary
grades are better readers, and thus more able to use computer software without
extensive assistance.

Finally, it is safe to assume that computers are currently available in
most elementary schools (Becker, 1.86). Rather than just programming
activities, they are being used to teach and practice science subject matter
which was formerly presented through lecture or printed material. Simulation
and problem-solving software guide pupils into critical thinking about topics
not frequently addressed before computers were available. The objective of
taking full advantage of microcomputers for science instruction has yet to be
attained, but progress appears to be at a faster pace than may have originally

been expected.

R:sults: Inservice - Mathematics and Scierce

The two areas of attention for inservice preparation were: (1) the use of
hands-on manipulatives for problem solving and (2) computer-sssisted or managed

instruction. The findings have been analyzed by way of the upper grade levels
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INSERVICE PREPARATION FREQUENCY FOR SCIENCE AND MATH

Inservice
Areas

Teaching
Areas

Hands-On Manipulations
and/or Problem Solving

I

Computer-Assisted
or Managed Instruction

Science

Grades K-=2
Mean
SD

Grades 3-5
Mean
SD

t=-value
Significance Level

Math

Grades K=-2
Mean
SD
Grades 3-5
Mean
SD
t-value
Significance Level

Science vs. Math

Science
Mean
SD
Math
Mean
SD
t-value
Significance Level

2.14

1.23

2.15

1.22
003
0.7(ns)

2042

1.30

2042

1.29
0.1
0.9(ns)

2.14

1.07

2.42

1.28
3.1
0.001

2.62
1.27

2.64

1.25
1.2
0.2(ns)
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that overwhelming, math sessions were conducted two or more times per semester

in 10% of the elementary schools surveyed whereas science inservice was
occurring only in about 6% of the elementary schools. At the less positive end
of the spectrum, approximately 44% of the elementary schools reported that
science inservice occurred less than once every two years whereas 35% signified

that math inservice took place during the same time interval.

Computer-Based Instruction:

The frequency of computer-assisted or managed instruction (Table 1) -
inservice preparation session is little more promising. In view of science
activities teachers at the upper grade levels (M=2,24, SD=1.21) engaged in
significantly more (t=3.5, p<0.001) computer-oriented workshcps than lower
grade level teachers (M=2.17, SD=1.22). These data indicated that science-
related computer-assisted or managed instruction inservice activities were
engaged in once every two years to once a year. Somewhat astonishing is that
43% of the schools at the lower level and 39% at the upper grade levels
reported that teachers have engaged in science-coL.puter inservice less than
once every two years, where 5% at all grades participated in two or more
inservice sessions per semester.

Turning to the mathematics side of the coin (Table 41), both the lower
grades (M=2.62, SD=1.27) and the upper grades (M=2,64, SD=1.25) teachers
participated in math/computer inservice preparation at about the same
frequency. No significant differences were found between the two groups. These
figures represent computer inservice occurring at all grade levels about once a
year. At all grade levels some 23% of the schools reported that math/camputer
inservice activities occurred one to two or more times per somester.

A comparison (Table 11) between the availability of science and math

computer activities witnessed math inservice preparation (M=2.63, SD=1.24)
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occurring significantly (t=4.6, p<0.001) more ofter than science inservice

preparation (M=2.21, SD=1.20). In the areas of science at all grade levels
approximatsly 40% of the schools reported the presence of computer-related
inssrvice preparation occurring less than once in every two years, whereas for
math the infrequent event was associated with 25% of the respondents. At the
more frequent end of the spectrum 9% of the teachers received math-computer
inservice two or more times per ssmester whereas for the same time interval

science was reported by only 6% of the schools.

Conclusions

On the average teachers received inservice instruction on the use of
manipulatives for teaching problem solving once every one to two years.
Inservice preparation on computer use in the teaching of science also took
place every one to two years. Inservice workshops on these topics in
mathematics occurred somewhat more often. In both subject areas and for both
workshop topics lower grade level teachers (K-2) experienced less (and in some
instances significantly less) workshop activity than upper grade level teachers
(3-5). This may be attributed to several factors such as less sophisticated
teaching content, a more integrated approach to content delivery, teacher
apprehensiveness about engaging in inservice activities, and a lack of or fewer
microcomputers physically stationed in lower grade level classrooms.

When considering the two topical areas, in all cases and at both grade
levels, computer-oriented workshops were more popular than inservice activities
focusing on the use of manipulatives to facilitate problem solving. Much of
this can be probably attributed to the massive push for and bandwagon presence
of microcomputers. In addition, both federal and state levels grants have been
readily available for inservice preparation with respect to microcomputers at

the local schnol system, regional and/or statewide levels.
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The coutinuous professional growth and development of elementary school

teachers needs to be addressed. Hmphasis on career-long preparation really
needs to be stressed at the undergraduate or preservice level.
Interdisciplinary approaches might be emphasized in methods courses and in the
cognate mathematics and science areas. At the inservice level teacher
certification policies in many states need to be re—examined and updated.
Despite much of the chaos and the perceived dysfunctionality associated with
inservice education, many mathematics and science educators feel that the time
has come to address these identified inservice problem areas because most
elementary school teachers are fairly well entrenched at their jobs, possess
tenure, and are permanently certified. More than half of the elementary
classroom teachers have master's degrees; inservice professional development is
a potential way to ward off obsolescence, mediocrity, stagnation, and a lack of

what is new.
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General Conclusions

When interpreting the results of this study, several limitations of the
methodology must be kept in mind. First of all, the population sampled was
elementary school principals. While principals are supposed to be the
instructional leaders of their schools, the extent to which they are able to
answer questions about the practices of their teachers varies considerably.
The fact that there were no statistically significant differences in the
response patterns of teachers and principals on the questionnaires indicates
that, on the average, the principals responded to the instrument in the same
way that teachers did. In general, data of the type collected in this study
are very good for determining whether or not there are differences between
grade levels or between mathematics and science on the questions asked. Mean
responses to specific questions must, however, be treated cautiously.

Another point that needs to be kept in mind is that data reported here
are intended as general indicators of trends in manipulatives, problem
solving, and computers. There are certainly many classrooms where far more ig
going on in these areas than would be expected by looking at the results
reported in this document. Unfortunately, there are many classrooms where
there is little activity with respect to manipulatives, problem solving or
computers., The high ate of return on the questionnaires for this study does
indicate that all findings are generalizable throughout Indiana.

Perhaps the most intriguing finding of this study is that principals
report that science, in some form, is taught in most elementary school

classrooms in the Indiana. One must view this result with caution as there is




little information available abcut what type of science is being taught. It

is possible that a science lesson could consist of a few minutes of reading
from a science text each week with little or no hands-on involvement by
students. The fact that principals report that science is being taught in
some fashion is reason for optimism, however, as science has often been
thought of as unimportant for elementary school students.

At the time the current study was started, a major question was whether
or not manipulatives were being used in elementary schools. Data from the
study indicate that most teachers have access to manipulative materials in
mathematics and science and do use them several times per month. An open
question is the extent to which teachers have enough materials or the proper
types. A related unanswered question is whether teachers use materials as
they were intended.

The extent to which problem solving and critical thinking are important
goals of the elementary school was also an open question when this study was
started. The data collected indicate that principals and teachers see problem
solving as an importent goal in the elementary school, although, cn the
average, it does not appear to be as important as development of "basic
skills", Again, the fact that problem solving was generally felt to be
important is a sign that school personnel see education as encompassing more
than the teaching of memorized facts.

Computer related findings of this study were about as erypected. Drill
and practice is the predominant form of computer use although some teachers
are beginning to find more creative uses of this technology. Conputers are

utilized in most classrooms, although not to the extent that they could be.
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Clearly, teachers and pr'ncipals are realizing that they can no iunger ignore
computers and are learning enough about them to use them in some capacity.

In summary, manipulatives, problem solving, and computers were reported
to be at least somewhat important factors in mathematics and science
instruction by the vast majority of individuals responding to the survey.
Schools change slowly and thus it will take time for these changes to be

implemented completely. The data from this study indicate that change has

begun in Indiana but we still have a long way to go.
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INDIANA UNIVERSITY SCHOOL OF EDUCATIUN 1

Education Building
3rd and Jordan
Bloomington, Indiana 47405

November 21, 1986

Dear Elementary School Principal:

Indiana University and the Indiana Association of Elementary and Middle School
Principals jointly are conducting a study of mathematics and science teaching in
Indiana elementary schools. The study, funded in part by the Indiana Department of
Education, is a follow-up to a study of high school teaching of mathematics and
science which has just been completed. The enclosed questionnaire will provide
valuable data about elementary school mat ematics and science in Indisna. so we ash
you to complete it honestly and accurately by December 12, 1986. Completing the
questionnaire should only take 10 to 15 minutes.

Many of the items on the questionnaire deal with use of "hands-on" manipulatives/
physical models in the classroom. By "hands-on" manipulatives, we are referring to
objects such as counting blocks, Cuisenaire rods, balances, thermometers, physical
models, etc. which the students themselves use. Pictures or objects which are used
only by the teacher for demonstration purposes should not be considered wmanipulatives
when you are completing this survey.

If you are unsure about how to answer some of the questions on tae enclosed
questionnaire, it may be useful to take a minute at a staff meeting to poll your
teachers for the information you need to complete the items. If you think one or more
of your teachers or curriculum coordinators could answer the questions more accurately
than you, please ask that person, or persons, to complete the questionnaire. As this
survey is being sent only to a limited sample of administrators in Indiana, it is
important that we get complete and honest responses from every school that has
received a questionnaire. Feel free to call Dr. Kloosterman or Dr. Harty if you have
questions. We thank you in advance for your cooperation.

Sincerely,

Dr. H. Dean Evans Dr. Harold Harty Dr. Peter Kloosterman Dr. Don M. Small
State Superintendent Professor of Assistant Professor of Executive Director
of Public Instruction Science Education Mathematics Education Indiana Association

Indiana Department Indiana University Indiana University of Elementary and

of Education (812) 335-2720 (812) 335-2546 Middle School

(812) 335-7184 (812) 335-4702 Principals
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INDIANA STATEWIDE ELEMENTARY SCHOOL MATH AND SCIENCE
NEEDS ASSESSMENT INVENTORY

School Code No.:

(Person(s) Filling Out Inventory)

Title(s)

Return to: Indiara Need: Analysis Project
337 - Education Building
Indiana University
Bloomington, IN 47405

Directions: Below are several statements and/or questions seeking
information about elementary school mathematics and science
teaching-learning. There are no correct or incorrect responses to
the items. Your unbiased and frank reactions based on your
observations and perceptions will truly oe appreciated. Your
responses should represent the average/typical classroom in your
school. Please indicate your reactica by placing the NUMBER that
represents your collective thoughts on the LINE provided in the
RIGHT HAND MARGIN. Your responses will remain CONFIDENTIAL. Thank
you in advance for your cooperation.

® What percentage of yowr teachers have commercially-made "hands-on”
materials/manipulatives /physical models available for use in your
school:

1 2 3 4 5

less than 10% to 40% to 61% to 90% to
10% 39% 60% 89% 100%

Mathematics (base-ten blocks, Cuisenaire rods, attribute blocks,
pattern blocks, etc.)

Grades K thru 2 1.

Grades 3 thru 5 2.
Science (thermometer, balance, candles, live specimens, etc.)

Grades K thru 2 3.

Grades 3 thru 5 4.
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® What percentage of your teachers have toacher-made on teachen-collected
"hands-on" materials/manipulatives/physical models available gon use 4in
your school:
1 2 3 4 5

less than 10% to 10% to 61% to 90% to
10% 39% 607 89% 100%

Mathematics (counting sticks, bead sticks, blocks, buttons,
cardboard shapes, etc.)

Grades K thru 2 5.
Grades 3 thru 5 6.

Science (leaf collection, tin cans, insect collection, jars,
rock collection, rope, paper bags, etc.)

Grades K thru 2 7.
Grades 3 thru 5 8.

® About how many days pen school yearn do pupils use "hands-on" materials/
mandipulatives /physical models (commercial on teacher-made):

2 3 4 5
less than 10 to 22 to 42 to 90 or
10 21 4 89 more
Mathematics
Grades K thru 2 9.
Grades 3 thru 5 10.
Science
Grades K thru 2 1.
Grades 3 thru 5 12.

e When "hands-on" materials/manipulatives/physical models |commercial cn
teachen-made) are used in the classnoom, to what extent are they uéeq
Zo help pupils "Leann the ules" fon computation, measurning, estimating,
ete. nathen than understand how on why these nules wonk:

0 1 2 3 4 5
unable not used rarely, once sometim~s often but most if

to at all in a great but not not always not all of
answer while often the time
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Mathematics (manipulatives used to increase speed for
computations, memorize basic facts, learn
definitions, etc.)
Grades K thru 2 13,
Grades 3 thru 5 14.

Science (learn the rules for graphing, operationally defining,
variable identification, classification, etc)

Grades K thru 2 15.

Grades 3 thru 5 16.

® When "hands-on" materials /manipulatives/physical models (commercial on
Zeacher-made) are used in the classnoom, to what extent are they used
to get pupils to understand broad concepts on to solve problems which
nequire substantial creative thinking:

0 1 2 3 4 5
unable not used rarely, cnce sometimes often but most if

to at all in a great but not not always not all of
answer while often the time

Mathematics (manipulatives used to understand computational
procedures, understand multi-step story problems,
apply computations to real life problems, understand
pattern questions, solve logic probleus, etc.)

Grades K thru 2 17. i
Grades 3 thru 5 18.

Science (materials used for explaining inductive and deductive
approaches, setting up controlled experiments, doing
science fair projects, etc.)

Grades K thru 2 19.
Grades 3 thru 5 20.
o How much did (will) your school Look fcrn texts that use "hands-on"

materials /manipulatives/physical models in your most recent |(cuwrrent)
textbook selection:

0 1 2 3 .4 5

unable to was not considered considered considered was the
enswer a factor occasionally often extensively main facto:x




Mathematics

Grades K thru 2

Grades 3 thru
Science
Grades K thru

Grades 3 thru

5

2

5

75

21,

22.

23.
24‘

® On the average how many minutes per week are devoted 2o the "hands-on"

and "non-hands-on" teaching 0f science and mathematics in each cfassroom:

1 2
None 1 to 59
minutes
HANDS-ON
Mathematics

Grades K thru
Grades 3 thru
Science

Grades K thru

2

5

2

Grades 3 thru 5

3

60 to 119
minutes

4 5
120 to 240 more than
minutes 240 minutes

25.
26‘

27.

28.

NON-HANDS-ON: (All Teaching Except Hands-On)

Hathematics
G-ades K thru
Grades 3 thru

Science
Grades K thru
Grades 3 thru

COMMENTS (Optional):

2

5

2

5

29.

30.

3.
32.

T hank you'
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INDIANA UNIVERSITY | SCHOOL OF EDUCATION
Education Building
3rd and Jordan
Bloomington, Indiana 47405

November 21, 1986

Dear Elementary School Principal:

Indiana University and the Indiana Association of Elementary and Middle School
Principals jointly are conducting a study of mathematics and science teaching in
Indiana elementary schools. The study, funded in part by the Indiana Department of
Education, is a follow-up to a study of high school teaching of mathematics and
science which has just been completed. The enclosed questionnaire will provide
valuable data about elementary school mathematics and science in Indiana, so we ask
you to complete it honestly and accurately by December 12, 1986. Completing the
questionnaire should only take 10 to 15 minutes.

Some of the items on the questionnaire deal with the implementation of a problem
solving/thinking skills curriculum. By "problem solving" and "thinking skills" we are
referring to the development of the skills needed to solve problems which cannot be
solved easily with a step-by-step procedure. Mathematical word problems for which key
words are not very useful would be considered problem solving, as would science
activities which focus on the development of concepts and principles as opposed to
skill activities such as correctly using a balance.

If jou are unsure about how to answer some of the questions on the enclosed
questionuaire, it may be useful to take a minute at a staff meeting to poll your
teachers for the informution you need to complete the items. If you think one or more
of your teachers or cucriculum coordinators could answer the questions more accurately
than you, please ask that person, or persons, to complete the questionnaire. As this
survey is being sent only to a limited sample of administrators in Indiana, it is
important that we get complete and honest responses from every school that has
received a quesitionnaire. Feel free to call Dr. Harty or Dr. Kloosterman if you have
questions. We thank you in advance for your cooperation.

Sincerely,
TR Renar e 3 ;‘r‘ ﬁlw;u;“w qw’:l %&
Dr. H. Dean Evans Dr. Haroid Harty Dr. Peter Kloosterman Dr. Don M. Small
State Superintendent Professc ' of Assistant Professor of Executive Director
of Public Instruction Science Education Mathematics £ducation Indiana Association
Indiana Department Indiana University Indiana University of Elementary and
of Education (812) 335-2720 (812) 335-2546 Middle School

(812) 335-7184 (812) 335-4702 Principals
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INDIANA STATEWIDE ELEMCNTARY SCHOOL MATH AND SCIENCE 77
NEEDS ASSESSHENT INVENTORY

School Code No.:

“(terson(s) Filling Out Inventory)

Title(s)

Return to: Indiana Needs Analysis Project
337 - Education Building
Indiana University
Bloomington, IN 47405

Directions: Below are several statements and/or questions seeking information about ele-
mentary school mathematics and science teaching-learning. There are no correct or incor-
rect responses to the items. Your unbiased and frank reactions based on your observations
and perceptions will truly be appreciated. Your responses should represent the average/
typical classroom in your school. Please indicate your reaction by placing the NUMBER
that represents your collective thoughts on the LINE provided in the RIGHT HAND MARGIN.
Your responses will remain CONFIDENTIAL. Thank you in advance for your cooperation.

o To what extent 45 youwr cuwricuwlum geared towand problem s0fving and under-
standing of broad concepts as opposed to "gollowing the nules" to complete
a computation on get an answen tu a science question? An emphasis on
problem 808ving and the undenstanding of broad concepts exists:

0 1 2 3 4 5
unable to practically once in a some- fairly very
answer never great while times often often

Mathematics (understanding of place value and multi-step story
problems, applying math to : al life problems,
solving logic problems, etc.)
Grades K thru 2 1.
Grades 3 thru 5 2.

Science (understanding concepts such as cell, wind, autumn,
sound, etc.)

Grades K thru ¢ 3.
Grades 3 thru 5 4.
o Aprroximately how many minutes pern week do students spend on activities
designed to fostern "highern Level" thinking skills:
0 1 2 3 4 5

unable to none 1 to 59 60 to 119 120 to 240 more than
answer minutes minutes minutes 240 ninutes
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Mathematics (applying math concepts to new situations, solving

pattern problems, understanding of fractional parts,

etc.)
Grades K thru 2 5.
Grades 3 thru 5 6.

Science (applying science concepts to new situations, learning
about inductive and deductive approaches, creating
controlled experiments, etc).

Gredes K thru 2 7.
Grades 3 thru 5 8.
¢ How often do teacherns braing in activities beyond those found in the

textbook that promote problem solving and the development of "highen
ondern” thinking skillfs:

0 1 2 3 4 5
unable to  almost one to three four to six seven to nine ten or more
answer never times/month times/month times/month times/month
Mathematics
Grades K thru 2 9.
Grades 3 thru 5 10.
Science
Grades K thru 2 11.
Grades 3 thru 5 12.

® How much of a facton were (are) the teaching of problLem solving and
promoting the development of thinking skilLs in your most necent
(cwnent) textbook selection:

0 1 2 3 4 5
unable to were not considered considered considered were the
answer factors occasionally often extensively main factors
Mathematics
Grades K thru 2 13. —
Grades 3 thru 5 - 14.
Science
Grades K thru 2 15.

Grades 3 thru 5 16.




* % % (SPECIAL NOTE) * * = 7

The following questions are about computer activities in mathematics and
science. If some computer activities fall into more than one of the following
four categories, respond to them only in the category where they fit best.

Any computer activity that doesn't seem to fit into any category should be
considered as part of the category which fita that activity most closely.

e flow many minutes per week will an average pupil use the computer {a’one
orn 4in a small ghoup) to:

1 2 3 4 5
not at 1 to 30 31 to 60 61 to 120 more than
all winutes mir.ates minutes 120 minutes

1. PRACTICE PREVIOUSLY LEARNED MATERIALS

Mathematics
Grades K chru 2 7.
Grades 3 thru 5 18.
Grades K thru 2 19.
rades 3 thru 5 20.

2. LEARN NEW INFORMATION OR SUBJECT MATTER

Mathematics
Grades K thru 2 21.
Grades 3 thru 5 2. _
Science
Grades K thru 2 23.
Grades 3 thru 5 24.

3. LEARN BY WAY OF a COMPUTER SIMULATION
Mathematics ("operate" a lemonade stand, "run" a store, etc.)
Grades X thru 2 25.
Grades 3 thru 5 26.

Science (fiow ox a drop of blood in the humen body, life cycle
of a frog, reproduction of a cell, etc.)

Grades K gy 2 27

Grades 3 thru 5 28.
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4. ATTEMPT TO DEVELOP PROBLEM SOLVING AND/OR HIGHER ORDER THINKING

SKILLS
Mathematics
Grades K thru 2 ' 29.
Grades 3 thru 5 30.
Science
Grades K thru 2 31.
Grades 3 thru 5 32.

* Tnservice training/preparation is available to teachers in the areas of:

1 2 3 4 5
less than once every once once a two or more
once every two years a year semester times per
two years semester

HANDS-ON MANIPULATIVES AND/OR PROBLEM SOLVING

) Mathematics
Grades K thru 2 33,
Grades 3 thru 5 34.
Science
Grades K thru 2 35
Grades 3 thru 5 36.

COMPUTER ASSISTED OR MANAGED INSTRUCTION

Hathematics
Grades K thru 2 37.
Grades 3 thru 5 38.

Science
Grades K thru 2 39.
Grades 3 thru 5 40.

COMMENTS (optional):

Thank you!




